Abstract-Daily intermittent access to sugar solutions results in intense bouts of sugar intake (i.e. bingeing) in rats. Bingeing on sucrose, a disaccharide of glucose and fructose, has been associated with a ''primed'' mesolimbic dopamine (DA) pathway. Recent studies suggest glucose and fructose engage brain reward and energy-sensing mechanisms in opposing ways and may drive sucrose intake through unique neuronal circuits. Here, we examined in male Sprague-Dawley rats whether or not (1) intermittent access to isocaloric solutions of sucrose, glucose or fructose results in distinctive sugar-bingeing profiles and (2) previous sugar bingeing alters cocaine locomotor activation and/or reward, as determined by conditioned place preference (CPP). To encourage bingeing, rats were given 24-h access to water and 12-h-intermittent access to chow plus an intermittent bottle that contained water (control) or 8% solutions of sucrose, glucose or fructose for 9 days, followed by ad libitum chow diet and a 10-day cocaine (15 mg/kg; i.p.) CPP paradigm. By day 4 of the sugarbingeing diet, sugar bingeing in the fructose group surpassed the glucose group, with the sucrose group being intermediate. All three sugar groups had similar chow and water intake throughout the diet. In contrast, controls exhibited chow bingeing by day 5 without altering water intake. Similar magnitudes of cocaine CPP were observed in rats with a history of sucrose, fructose or chow (control) bingeing. Notably, the glucose-bingeing rats did not demonstrate a significant cocaine CPP despite showing similar cocaineinduced locomotor activity as the other diet groups. Overall, these results show that fructose and glucose, the monosaccharide components of sucrose, produce divergent degrees of bingeing and cocaine reward. 
INTRODUCTION
In the United States sugar consumption exceeds the dietary guidelines more than any other macronutrient, with added sugar intake comprising over 15% of daily calories (USDA, 2011) . Added sugar calories are commonly derived from sucrose, a glucose-fructose disaccharide, and high fructose corn syrup, a mixture of free sugars, most often containing 55% fructose, 42% glucose and 3% polycose, a glucose polymer. Although glucose and fructose are commonly consumed together, it is now appreciated that glucose and fructose utilize different mechanisms for absorption, cellular transport and metabolism and that they stimulate opposing endocrine and hypothalamic responses (Teff et al., 2004; Cha et al., 2008; Stanhope et al., 2008; Tappy and Le, 2010; Page et al., 2013) . A human imaging study found ingestion of glucose, but not fructose, increases the functional connectivity between the hypothalamus and the striatum, areas critical for energy-sensing and reward processing, respectively (Page et al., 2013) . In a follow-up study, drinking a fructose-sweetened drink, as compared to a glucose-sweetened drink, was linked with greater hunger ratings and willingness to give up monetary reward in exchange for palatable food (Luo et al., 2015) . In combination, these studies suggest that glucose and fructose may contribute to sucrose intake and reward through unique mechanisms and these diverging processes ultimately affect feeding behavior. Understanding the rewarding properties produced by these monosaccharides, as well as the individual mechanisms underlying these properties, may help to identify therapies to curb excessive consumption of complex sugars (i.e. sucrose and high-fructose corn syrup).
Previous work has shown that rats given repeated intermittent access to highly palatable food (foods high in sugar, fat or both) develop bingeing behavior and behavioral and neurochemical signs of dysfunction in their stress and reward circuitry (Bello et al., 2002 (Bello et al., , 2003 Avena and Hoebel, 2003; Gosnell, 2005 Avena et al., 2006b; Wojnicki et al., 2007 Wojnicki et al., , 2008 Cottone et al., 2008; Corwin and Wojnicki, 2009; Hoebel et al., 2009; Johnson and Kenny, 2010; Leê t al., 2011; Cifani et al., 2012; Iemolo et al., 2012; Micioni Di Bonaventura et al., 2014) . The various bingeing models differ in the macronutrient composition, whether chow is offered concurrently and at onset and duration of palatable food access; but all models robustly increase palatable food intake at the onset of food access, which is termed a ''binge''. Here we used a sugar-bingeing model developed by Drs. Hoebel, Avena and colleagues that fosters bingeing behavior by cycling rats between 12 h of food deprivation and 12 h of sugar and chow access, coupled with delaying food access until 4 h into the dark cycle (Reviewed here Hoebel et al., 2009) . Within several days of this diet, rats shift to consuming a large sugar meal within the 1st h of food presentation, i.e. a sugar binge, while water and chow intake remains unchanged (Rada et al., 2005; Avena et al., 2006b; Rorabaugh et al., 2014) . The majority of sugar-bingeing papers has used a 10% sucrose solution, although 25% glucose and 8-12% fructose solutions also produce bingeing behavior (Colantuoni et al., 2001; Avena and Hoebel, 2003; Gosnell, 2005; Rada et al., 2005; Avena et al., 2006a; Wojnicki et al., 2007; Rorabaugh et al., 2014) . However, the wide range of sugar concentrations with varying caloric densities used in the different bingeing studies confound any direct comparisons between these three sugars.
Previous studies have found sucrose bingeing enhances the locomotor responses to cocaine and amphetamine (Avena and Hoebel, 2003; Gosnell, 2005) . This cross-sensitization is thought to reflect hypersensitivity in dopamine (DA) systems, also known as ''priming'' (Reviewed here Robinson and Berridge, 2008) . Likewise, sucrose-bingeing rats show some of the neurochemical signs of DA hypersensitivity including elevated extracellular DA levels in response to sucrose intake, decreased DA D2 receptor (D2R) levels and increased DA transporter levels within the nucleus accumbens (NAc) (Bello et al., 2002 (Bello et al., , 2003 Rada et al., 2005; Avena et al., 2006b ). Glucose-bingeing, but not fructosebingeing, rats also display reduced D2R levels within the NAc (Colantuoni et al., 2001; Rorabaugh et al., 2014) . A history of sucrose bingeing enhances locomotor responses to cocaine; however, whether bingeing on sucrose, or its components glucose and fructose, similarly alters the rewarding properties of cocaine has not been investigated. Here, we used the sugar-bingeing model to assess whether isocaloric 8% sucrose, glucose and fructose solutions result in similar or distinct bingeing profiles and whether previous sugar bingeing alters cocaineinduced locomotion and reward, as determined by the development of conditioned place preference (CPP). Harlan Laboratories, Denver, CO, USA) and water available ad libitum for 5 days prior to commencing experiments. Rats were subsequently tested using the sugar-bingeing model, as previously described (Avena et al., 2006a; Rorabaugh et al., 2014) . At the onset of the experiment, rats continued to have 24-h access to an ad libitum water bottle but were cycled between 12 h of food deprivation and 12 h of access to chow and a second intermittent bottle that contained water (control; n = 10), 8% sucrose, 8% glucose, or 8% fructose solution (0.29 kcal/mL; n = 10/group). Food access was shifted 4 h into the dark cycle (1900-0700). Sugar, chow and water intake was recorded daily following 1 and 12 h of food access for each rat. Rats were also weighed daily. The sugar-bingeing diet was maintained for 9 days; this diet length corresponds to the period during which we observed maximal 8% fructose bingeing in previous cohorts (three published, one unpublished) (Rorabaugh et al., 2014 ). An 8% sugar concentration was chosen because (1) it is in the range of sugar concentrations that produce fructose (8-12%) and sucrose (10%) bingeing, (2) it is the most preferred sucrose concentration in a 2-bottle choice test and (3) it is a similar concentration as in most sodas and fruit juices (Smith and Sclafani, 2002; Rada et al., 2005; Avena et al., 2006a; Rorabaugh et al., 2014) . All sugars were purchased from Fisher Scientific (Waltham, MA, USA). Consistent with the model, all results are expressed in raw intake values (mL or kcal) (Colantuoni et al., 2001; Rada et al., 2005; Avena et al., 2006a; Rorabaugh et al., 2014) .
EXPERIMENTAL PROCEDURES

Cocaine CPP paradigm
After 9 days of the intermittent sugar diet, rats were switched to an ad libitum chow diet without any sugar for the remainder of the study. Rats were given a day to adjust to ad libitum feeding prior to CPP conditioning/testing, which occurred during the animals' light cycle between 0700 and 1300. The CPP boxes (Med Associates Inc., St. Albans, VT, USA) were housed in sound-attenuating cabinets and had three distinct chambers equipped with photobeams: two larger conditioning chambers (10.5 00 Â 8 00 Â 8 00 ) connected by a smaller neutral chamber (4.5 00 Â 8 00 Â 8 00 ). The chambers were separated by doors and had distinct visual, tactile and bedding odor cues. On day 1 of the CPP procedure, rats were placed in the neutral chamber and allowed free access to all three chambers for 15 min to measure any preconditioning chamber preferences. Over the next 8 days, animals underwent a single, daily 30-min conditioning session in which rats were injected on alternate days with either saline (1 mL/kg; i.p.) or cocaine (15 mg/kg; i.p.) and then confined to the respective saline-or cocaine-paired chamber. If baseline chamber preferences were observed, cocaine was paired to the less preferred chamber; otherwise, the cocaine injection was randomly assigned to a chamber. The control diet rats (n = 10) were split into saline-and cocaine-conditioned groups (n = 5/group). The sucrose, glucose and fructose groups (n = 10/group) were all cocaine-conditioned. After 8 days of conditioning, a second 15-min preference test, identical to the preconditioning test, was performed; and the time spent in the cocaine-paired and saline-paired chambers was recorded.
Data analysis and statistics
Group data are expressed as mean values ± standard error of the mean (SEM). Statistical significance was set at p < 0.05. All statistical tests were performed using either Prism (GraphPad Software, La Jolla, CA, USA) or SPSS (IBM, Armonk, NY, USA) software. Bingeing behavior was defined as a statistically significant increase in sugar, water or chow intake within the 1st h of food presentation by comparing day 1 and subsequent diet days using a 1-way repeated measures analysis of variance (RMANOVA) followed by Dunnett's post hoc analysis. CPP chamber preference scores were calculated as the ratio of time spent in the cocainepaired over saline-paired chambers or, in the case of the saline-conditioned controls, the initially preferred over less preferred chamber. Cocaine CPP was defined as an increase in the ratio of time spent in the cocaine-paired versus saline-paired chambers after cocaine conditioning compared to before cocaine conditioning, as determined by a 2-way RMANOVA. Comparisons among feeding groups during the sugar-bingeing model and cocaine CPP procedures were made using a 2-way RMANOVA. Unless otherwise stated, all significant ANOVAs were followed by Tukey's post hoc analysis.
RESULTS
Intermittent access to fructose produced larger binges than glucose
In order to determine if sucrose, glucose and fructose produce distinct bingeing profiles, rats were given daily intermittent 12-h access to chow and an intermittent bottle that contained water (controls), or an 8% solution of the aforementioned sugars (n = 10/group). To ensure sugar intake was not driven by thirst, all rats also had 24-h ad libitum access to water. Bingeing was defined as a significant increase in sugar, water or chow intake during the 1st h of food access on subsequent diet days, as compared to day 1. Starting on day 1, all sugar groups drank similar amounts of sugar solution within the 1st h of food access (Fig. 1A) . By day 2 of the diet, the sucrose [F (8,72) = 22.36, p < 0.0001] and fructose [F (8,72) = 14.44, p < 0.0001] groups exhibited robust sugar bingeing, as determined by a within-group 1-way RMANOVA followed by Dunnett's post hoc analysis (Fig. 1A) . Likewise, the glucose group showed sugar bingeing on day 3 [F (8,72) = 8.59, p < 0.0001], whereas the controls [F (8,72) = , p = 0.070] did not significantly alter water intake from the intermittent or ad libitum water bottles (Fig. 1A, B) . Overall, a 2-way RMANOVA of 1st h sugar intake (or water intake from the combined intermittent and ad libitum bottles in controls) showed a diet Â day interaction [F (24,288) = 3.21, p < 0.0001]. Tukey's post hoc analysis revealed that after day 5, the fructose group had consistently larger binges than the glucose group, while sucrose bingeing was not statistically different from fructose or glucose intake (Fig. 1A) . In addition, once bingeing was established, each of the three sugar groups drank more sugar solution within the 1st h of food access than the control group drank water (Fig. 1A, B) . In contrast to the 1st h bingeing results, however, over the entire 12 h of sugar and chow access no differences in sugar intake were observed among the sucrose, glucose and fructose groups over the course of the 9-day diet (Table 1) .
Intermittent sugar access did not increase overall consummatory behaviors
Similar to previous studies, the sugar-bingeing model did not increase general consummatory behaviors (i.e. water and chow intake) throughout the 9-day diet. Once bingeing behavior was established, the sugar groups drank very little water (<1 mL) from the ad libitum bottle in the 1st h of food presentation compared to the sugar solution (10-20 mL) from the intermittent bottle (Fig. 1A, B) . Furthermore, the three sugar groups consumed similar amounts of chow during the 1st h and entire 12 h of food presentation over the 9-day diet ( Fig. 1C and Table 1 ). Similar to our previous studies, the control group [F (8,72) = 3.56, p < 0.01] binged on chow by day 5 of the diet (Fig. 1C) (Rorabaugh et al., 2014) . A 2-way RMANOVA revealed a diet Â day interaction for chow intake in the 1st h of food access [F (24,288) = 3.46, p < 0.001], and 1st h caloric intake showed a trend for an interaction [F (24,288) = 1.5, p = 0.065]. After day 6, the control group consumed more chow and calories during the 1st h of food presentation than the sugar groups (Fig. 1C, D) . From the start of the diet, the control group consumed more daily (12 h) chow than the sugar groups ( (Table 1) . Similar to previous fructose-bingeing studies, the 2-way RMANOVA of daily caloric intake showed a diet Â day interaction [F (24,288) = 29.0, p < 0.0001], and after day 3, the fructose and sucrose groups consumed more daily calories than controls (Table 1) (Rorabaugh et al., 2014) . Nevertheless, the body weights of the rats did not differ among the groups over the course of the experiment [F (3,36) = 0.67, p = 0.58; Table 1 ]. As such, normalizing chow or sugar intake to body weight produces similar results as reported above (normalized data not shown).
Previous glucose bingeing blunted cocaine CPP
Next, we examined whether previous sugar bingeing altered the locomotor and/or rewarding properties (as determined by CPP) of cocaine (15 mg/kg; i.p.). In order to limit potential devaluation of cocaine by concurrent sugar access, all diet groups were placed on an ad libitum chow diet during conditioning and testing procedures. Throughout conditioning, all diet groups consumed similar amounts of chow and water (data not shown). The former control diet group (n = 10) was subdivided into cocaine-and saline-conditioned groups (n = 5/group). The three previous sugar groups were all cocaine-conditioned (n = 10/group).
Across the eight conditioning trials, all diet groups showed similar locomotor responses to cocaine and saline pretreatments within the CPP apparatus ( Fig. 2A) . A 2-way RMANOVA showed a significant effect of drug (cocaine versus saline) [F (7,252) = 13.68, p < 0.001] but not diet history. In contrast, during the post-conditioning preference test, the cocaineconditioned control group (p < 0.01), sucrose group (p < 0.01) and fructose group (p < 0.01), but not glucose group (p > 0.05), developed a robust cocaine CPP, as determined by a significant twofold increase in the ratio of time spent in the cocaine-paired over the saline-paired chambers compared to pre-conditioning (Fig. 2B) . A 2-way RMANOVA of cocaine CPP scores revealed an interaction between the CPP score Â diet history [F (4,45) = 8.61; p < 0.0001]. Furthermore, the Fig. 1 . 8% fructose produced larger binges than 8% glucose. Consumption during the 1st h of food presentation during the 9-day sugar-bingeing diet. Intake was measured from the intermittent bottle containing a sugar solution (sucrose, glucose or fructose) or water (control) (A); from the ad libitum water bottle (B); of chow (C); and of calories (D). All sugar solutions were 8% (w/v) with a caloric density of 0.29 kcal/mL. Bingeing was defined as a significant increase in sugar, water or chow intake from day 1. Mean value ± SEM for n = 10/group. p < 0.05, 1st day of bingeing in the sucrose ( CPP exhibited by the cocaine-conditioned control group (p < 0.01), sucrose group (p < 0.01) and fructose group (p < 0.01) was greater than the salineconditioned control group, which spent similar amounts of time in both of the saline-paired chambers pre-and post-conditioning.
DISCUSSION
Intermittent access to sucrose and its monosaccharide components produced different levels of sugar bingeing
Here we examined whether intermittent access to 8% sucrose, glucose or fructose stimulated distinctive bingeing responses and if previous sugar bingeing altered cocaine locomotor and/or reward activities. In all three sugar groups, bingeing occurred within 2-3 days exposure to the intermittent diet. Within 4-6 days, maximal fructose bingeing surpassed glucose bingeing. Sucrose bingeing was intermediate in comparison to its monosaccharide components. On day 1 of the diet, the three sugar groups showed similar 1st h sugar intake, indicating bingeing differences were not due to initial disparities in sugar sampling. Likewise, 2-bottle choice studies show no initial preference for 8% glucose or 8% fructose solutions Sclafani, 1991, 1997) . In addition, all three sugar groups consumed similar amounts of daily (12 h) sugar, suggesting bingeing differences in the 1st h of food access were not due to differences in long-term sugar-induced satiety. Similarly, intragastric infusions of isocaloric sucrose, glucose and fructose solutions equally reduce subsequent sucrose feeding both 10 min and 4 h after infusion (Warwick and Weingarten, 1994) . With these facts in mind, one interpretation of our sugar bingeing results is that less 8% glucose may have been consumed because it has lower hedonic value than 8% fructose. This observation agrees with previous reports that studied bingeing behavior of only one sugar but used a higher concentration of glucose (25%) than that of sucrose (10%) or fructose (8%) to stimulate bingeing behavior (Colantuoni et al., 2001; Rada et al., 2005; Rorabaugh et al., 2014 ).
An alternate interpretation of our results is that 8% glucose bingeing is more rewarding or produces less tolerance than 8% fructose bingeing. Thus, less glucose than fructose would be needed to produce reward, resulting in smaller binges. This idea may seem counterintuitive; however, less rewarding foods are often consumed in greater amounts over time than more rewarding foods (Stice et al., 2008a,b) . For example, lower levels of reward pathway activation, as determined by BOLD-fMRI, during palatable food consumption have been linked with overeating and weight gain in adolescent girls (Stice et al., 2008b) . The existence of sugar tolerance has not been thoroughly examined, but behavior consistent with tolerance (i.e. a steady increase in binge size after the initial plateau) has been observed during longer 21-or 28-day sugar-bingeing studies (Colantuoni et al., 2001; Rada et al., 2005; Rorabaugh et al., 2014) . Our results are consistent with either of these potential interpretations, and future bingeing studies are needed to determine the relative potencies of glucose and fructose reward and the possibility of sugar tolerance.
While we found that fructose produces greater bingeing than glucose, previous 2-bottle choice studies show the following 8% sugar preference ranking: sucrose > glucose > fructose (Sclafani and Mann, 1987; Sclafani, 1991, 1997) . It is important to note that we did not assess preference between sugars in individual animals; in our study, rats were given access to only one sugar and comparisons were made across groups. The differing results may also be due to variations in experimental procedures (i.e. length of sugar access, flavor pairing and concurrent chow availability) between these two behavioral paradigms. Sugar-bingeing studies using concurrent access to fructose and glucose would be required to directly address this issue.
A history of sucrose and fructose bingeing did not alter cocaine CPP To examine whether a history of sucrose, glucose or fructose bingeing could alter the rewarding effects of cocaine, rats underwent cocaine CPP training and Fig. 2 . Previous glucose bingeing blunted cocaine-conditioned place preference (CPP) but not locomotor activity. Cocaine CPP was assessed in rats with a history of sugar or chow (controls) bingeing (see Fig. 1 ). Locomotor activity was monitored during once daily saline (S) and cocaine (C; 15 mg/kg; i.p.) conditioning trials (A). Preand post-conditioning preferences (ratio of time spent in the cocainepaired versus saline-paired chambers) were measured in rats that had previously binged on chow (controls), sucrose (gray columns), glucose (striped columns) or fructose (black columns; n = 10/group) (B). The control group (n = 10/group) was subdivided into salineconditioned (white, n = 5) and cocaine-conditioned (checkered, n = 5) groups. Mean ± SEM. * p < 0.05, pre-versus post-conditioning 2-way RMANOVA.
testing following the 9 days of the intermittent sugar diet. The rats with a history of sucrose and fructose bingeing showed robust levels of cocaine CPP, similar to the chow-bingeing controls. Surprisingly, the rats with a history of glucose bingeing failed to express significant cocaine CPP, despite showing similar cocaine-induced locomotor responses as the other diet groups during cocaine conditioning. Locomotor sensitization was not observed in any of the diet groups during the conditioning trials. This is not completely unexpected as locomotor sensitization in CPP apparatus decreases with the number of distinct cues within the respective chambers (Shimosato and Ohkuma, 2000) . While we did not observe enhanced cocaine CPP in the sugarbingeing rats, this does not rule out a potential priming of psychostimulant reward. For example, sucrosebingeing rats may be more sensitive to cocaine CPP. In support of this idea, rats given ad libitum access to sucrose show a leftward shift in the dose-response curve for amphetamine CPP, as compared to chow-fed control rats; yet, both groups exhibit similar absolute magnitudes of CPP at high doses of amphetamine (Vitale et al., 2003) . Likewise, a similar leftward shift in cocaine response in the glucose-bingeing group may have increased the aversive aspects of cocaine and be responsible for the lack of cocaine CPP observed in these rats. Furthermore glucose bingeing, but not fructose bingeing, rats have increased D1Rs within the NAc, which are necessary for the formation and expression of cocaine CPP (Colantuoni et al., 2001; Nazarian et al., 2004; Rorabaugh et al., 2014) . This may provide a molecular mechanism through which the glucose-bingeing rats may be more sensitive to cocaine reward than sucroseand fructose-bingeing rats. Furthermore, withdrawal from intermittent glucose access is associated with elevated anxiety-like responses, which may predispose these rats to experience the aversive properties of cocaine more than the other sugar groups (Colantuoni et al., 2002) . Stress responses and corticotrophin-releasing factor signaling are critical in mediating sweet-fat bingeing behavior in rats (Cottone et al., 2009; Nair et al., 2010; Leˆet al., 2011; Iemolo et al., 2013) . Although there is evidence that different macronutrients (i.e. sugars versus fats) engage different neurocircuitry, it is likely that stress circuits play a role in the bingeing and cocaine responses observed here Corwin and Wojnicki, 2009; Wong et al., 2009; Parylak et al., 2012) .
An alternative interpretation is that glucose bingeing produces a rightward shift in the cocaine dose-response curve and these rats are less sensitive to the rewarding effects of cocaine. While elevated D1R levels are observed in glucose-bingeing rats, it is not known whether they remain elevated after removal from the sugar-bingeing diet. Chronic cocaine injections increase D1Rs, while withdrawal from cocaine causes a rapid, long-lasting reduction in D1Rs (Macedo et al., 2004; Ben-Shahar et al., 2007) . It is possible that glucose bingeing produces a similar increase in D1Rs during intermittent glucose access followed by reduced D1R levels upon termination of the glucose diet, thus attenuating cocaine CPP. Additional dose-response experiments are necessary to determine whether a history of sugar bingeing produces leftward or rightward shifts in cocaine CPP.
Distinct behavioral responses following intermittent access to glucose versus fructose
We found that repeated, intermittent glucose or fructose access produced different degrees of bingeing and cocaine CPP. While not directly tested here, these behavioral phenotypes might reflect differences in the neuronal circuits engaged by these monosaccharides. In humans, intake of glucose, but not fructose, reduces hunger ratings and desire for immediately available palatable food. Glucose also enhances striatal activation, as determined by BOLD-fMRI, indicating that glucose consumption may more effectively engage and alter DA circuitry than fructose (Page et al., 2013; Luo et al., 2015) . Likewise, glucose, but not fructose, bingeing rats have lower D2R levels within the NAc and striatum, a neurochemical marker of chronic DA signaling (Colantuoni et al., 2001; Rorabaugh et al., 2014) . Similarly, we previously reported evidence that fructose bingeing is partially mediated via a lateral hypothalamic orexin circuit, rather than a DA circuit (Rorabaugh et al., 2014) . In addition, compared to glucose, fructose intake fails to effectively elevate the anorexic hormones insulin, glucagon-like peptide 1 and leptin, or to reduce the orexigenic hormone ghrelin (Teff et al., 2004; Page et al., 2013) . These hormones also influence DA neuron firing, and as such may contribute to the differential behavioral responses to glucose and fructose observed here (Morton et al., 2009; Mebel et al., 2012; Mietlicki-Baase et al., 2013; Cone et al., 2014) . Overall, our results support the idea that glucose and fructose intake are driven through separate neuronal circuits, resulting in differential behavioral responses to these sugars.
CONCLUSIONS
We found that at an 8% concentration, intermittent access to sucrose and its monosaccharide components, glucose and fructose, stimulated different magnitudes of sugar bingeing and differentially affected cocaine CPP in rats. Notably, glucose produced low levels of bingeing and abolished cocaine CPP, whereas fructose produced high bingeing behavior and preserved cocaine CPP. These results support the idea that individual components of mixed sugars (i.e. sucrose and highfructose corn syrup) may differentially engage and change reward circuitry within the brain. Further analysis of the neuronal circuits stimulated by each sugar should provide important insights into the brain regions contributing to sugar reward. Gaining a greater understanding of how the individual components influence sugar intake and reward may increase our understanding about ways to limit sugar, and potentially palatable food, over-consumption.
